Objective: This study was performed to examine serum microRNA-375 (miR-375) expression in patients with osteosarcoma and determine its diagnostic and prognostic value. Methods: Serum samples were obtained from 95 patients with osteosarcoma and 95 healthy individuals. miR-375 expression was detected by real-time polymerase chain reaction. The associations of serum miR-375 expression with the patients' clinicopathological characteristics and prognosis were then evaluated. Receiver operating characteristic curve analysis was performed to obtain the potential value of serum miR-375 as a biomarker for osteosarcoma diagnosis and chemosensitivity prediction. Results: Serum miR-375 expression was significantly lower in patients with osteosarcoma than in healthy individuals. Low serum miR-375 levels were associated with advanced clinical stages, large tumor size, positive distant metastasis, and poor tumor response to preoperative chemotherapy. Receiver operating characteristic curve analysis illustrated that serum miR-375 could distinguish patients with osteosarcoma from healthy individuals and distinguish patients with a good pathologic response from those with a poor response. Multivariate analysis confirmed low serum miR-375 expression as a statistically significant independent unfavorable prognostic factor. Conclusions: Serum miR-375 expression was downregulated in patients with osteosarcoma and might serve as a biomarker for its diagnosis, prognosis, and chemosensitivity prediction.
Introduction
Osteosarcoma, accounting for approximately 60% of pediatric bone tumors, is an aggressive disease that occurs predominantly in adolescents and young adults. 1 Despite recent developments in surgical techniques and combinational chemotherapy, the long-term survival of patients with osteosarcoma remains unsatisfactory, mainly because of delayed diagnosis, distant metastasis, and chemoresistance. 2 Thus, there is an ongoing need for a better understanding of the molecular mechanisms underlining osteosarcoma and identification of novel and efficient biomarkers for its diagnosis, prognosis, and chemosensitivity prediction.
MicroRNAs (miRs) are a novel class of short, endogenous, noncoding, and highly conserved RNA molecules that play a critical role in regulating post-transcriptional gene expression. 3 Emerging evidence has shown that miRs are essential regulators in a wide range of fundamental physiological processes, and dysregulated miR expression contributes to many human diseases, including the development of malignant tumors. 4 Recently, miRs were shown to be stably expressed in plasma, serum, and other body fluids. 5 More importantly, circulating miRs have distinct expression signatures in different diseases, allowing the application of circulating miRs as noninvasive biomarkers for cancer and other diseases. 6 For example, plasma miR-145, miR-20a, and miR-223 could serve as novel biomarkers for screening early-stage non-small cell lung cancer (NSCLC). 7 Increased serum miR-21 expression predicted poor overall survival in patients with breast cancer, 8 colorectal cancer (CRC), 9 and NSCLC. 10 High serum miR200c expression in patients with esophageal squamous cell carcinoma (ESCC) was significantly associated with advanced clinical stages and a poor tumor response to platinum-based chemotherapy.
11
As a potential tumor-suppressor gene, miR-375 has been corroborated to be downregulated in a variety of human malignancies including breast cancer, 12 ESCC, 13 lung cancer, 14 CRC, 15 prostate cancer, 16 gastric cancer, 17 hepatocellular carcinoma, 18 and osteosarcoma. 19 Shi et al. 19 showed decreased miR-375 expression in osteosarcoma tissues and cell lines. In vitro functional experiments also confirmed the tumorsuppressive ability of miR-375 in osteosarcoma. 19, 20 More importantly, several recent studies have reported low miR-375 expression in the serum/plasma of patients with prostate cancer, 21 ESCC, 22 gastric cancer, 17 CRC, 23 and NSCLC 24 and confirmed its utility as an miR-biomarker. However, no data regarding the clinical significance of circulating miR-375 in patients with osteosarcoma have yet been reported in the literature. Therefore, the aim of this study was to determine the clinicopathological, diagnostic, and prognostic value of serum miR-375 in human osteosarcoma.
Materials and methods

Patients and samples
Patients with primary osteosarcoma treated in Tianjin Baodi Hospital and Tianjin Medical University General Hospital from January 2005 to December 2012 were retrospectively enrolled in this study. All patients received neoadjuvant chemotherapy (combination of doxorubicin and methotrexate) and underwent surgical resection. An equal number of age-and sex-matched healthy individuals was recruited as the control group. For each participant, 5 mL of venous blood was collected before any treatment and centrifuged immediately at 1500 Â g for 15 min at 4 C. The serum was then stored in 1.5-mL RNase-free tubes at À80
C. The tumor response to chemotherapy was assessed according to the Huvos grading system. 25 Tumor necrosis of !90% in response to neoadjuvant chemotherapy was classified as a good pathologic response, while tumor necrosis of <90% was defined as a poor pathologic response. Patients were followed up after surgical treatment at 3-to 6-month intervals, and overall survival was defined as the interval from surgery to death or last follow-up. This study was approved by the Research Ethics Committee of Tianjin Baodi Hospital and Tianjin Medical University General Hospital. All participants provided written informed consent.
RNA isolation and real-time polymerase chain reaction
Total RNA was extracted from 400 mL of serum using an mirVana PARIS Kit (Ambion, Austin, TX, USA). Reverse transcription was performed with 100 ng of total RNA using a TaqMan microRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) in a 15-mL reaction system. Real-time polymerase chain reaction (PCR) was performed with a TaqMan microRNA Assay Kit (Applied Biosystems) on a 7500 Sequence Detection System (Applied Biosystems). The reaction system was 20 mL, containing 8 mL of nuclease-free water, 1 mL of reverse transcriptase product, 10 mL of 2 Â Universal PCR Master Mix, and 1 mL of the TaqMan microRNA Assay. U6 RNA was used as the reference control for normalization, and relative miR-375 expression was calculated by the 2 ÀDDCt method. 22 The PCR primers used in this study were as follows: miR-375, 5-AGC CGT TTG TTC GTT CGG CT-3 (forward) and 5-GTG CAG GGT CCG AGG T-3 (reverse); U6 RNA, 5-CGC TTC GGC AGC ACA TAT AC-3 (forward) and 5-TTC ACG AAT TTG CGT GTC AT-3(reverse).
Statistics
Statistical analysis was carried out with the SPSS 20.0 statistical package (IBM Corp., Armonk, NY, USA), and the significance was set at P < 0.05. The serum miR-375 levels between patients with osteosarcoma and healthy controls were compared by the Mann-Whitney U test. Correlations between serum miR-375 expression and clinicopathological parameters were analyzed by the chi-square test. Receiver operating characteristic (ROC) analysis was applied to determine the diagnostic utility of serum miR-375. The cumulative overall survival rates were calculated using the Kaplan-Meier method, and a Cox regression model was used to test the independence of risk factors.
Results
Downregulation of serum miR-375 in patients with osteosarcoma and its diagnostic value
In total, 95 patients with primary osteosarcoma were included in this study, and 69 of them were under the age of 20 years (Table 1) . This is consistent with previous reports showing that the majority of patients with osteosarcoma are under the age of 25 years and that most develop osteosarcoma in their second decade of life (<20 years). 1 The clinicopathological data of all patients with osteosarcoma in this study are summarized in Table 1 . Serum miR-375 expression was detected in all 95 patients and in 95 healthy controls by quantitative real-time PCR. The results showed that miR-375 expression in the serum of patients with osteosarcoma was significantly lower than that of controls (P < 0.01) (Figure 1(a) ). ROC curve analysis demonstrated that serum miR-375 was a potential biomarker for a diagnosis of osteosarcoma with an area under the ROC curve of 0.89 (95% confidence interval, 0.84-0.93) (Figure 1(b) ). Using a cut-off value of 0.42, the sensitivity and specificity were 82.1% and 74.7%, respectively.
Association of serum miR-375 expression with clinicopathological features and ability to predict chemosensitivity and patient's prognosis
We divided the patients with osteosarcoma into a high miR-375 expression group and low miR-375 expression group using the median value of serum miR-375 expression in all patients as a cut-off point. As summarized in Table 1 , a low serum miR-375 level was significantly associated with an advanced clinical stage (P ¼ 0.014), large tumor size (P ¼ 0.003), distant metastasis (P ¼ 0.002), and poor tumor response to chemotherapy (P < 0.001). ROC curve analysis showed that the serum miR-375 level could distinguish a good from poor pathologic response with an area under the ROC curve of 0.83 (95% confidence interval, 0.74-0.91) (Figure 1c) . At the optimal cut-off point (relative expression of 0.26), serum miRN-375 had a sensitivity of 84.0% and specificity of 84.4%. According to the results of the KaplanMeier analysis and log-rank test, patients with osteosarcoma with low serum miR-375 levels had shorter overall survival than those with high serum miRNA-375 levels (P ¼ 0.006) (Figure 2 ). Univariate analysis indicated that tumor size, clinical stage, distant metastasis, and response to chemotherapy were also risk factors affecting the patient's overall survival (all P < 0.05) ( Table 2 ). Multivariate analysis confirmed that serum miR-375 expression was an independent prognostic factor for osteosarcoma (P ¼ 0.008) ( Table 2 ).
Discussion
Exploration of reliable biomarkers with high sensitivity and specificity is of great clinical significance for early detection and therapeutic outcome prediction of osteosarcoma. Emerging studies have indicated that circulating miRs may serve as promising biomarkers in human diseases, including malignancies. 6 In the present study, we found decreased serum miR-375 expression in patients with osteosarcoma and observed that this decreased expression was correlated with tumor size, clinical stage, distant metastasis, and response to chemotherapy. (a) miR-375 levels in serum from patients with osteosarcoma were significantly lower than those in healthy controls (HC) (P < 0.01). (b) Receiver operating characteristic curve analysis illustrated that serum miR-375 was a reliable biomarker for discriminating patients with osteosarcoma from healthy controls. (c) Receiver operating characteristic curve analysis illustrated that serum miR-375 could differentiate a good from poor pathologic response.
A low serum miR-375 level was an independent and unfavorable prognostic factor for osteosarcoma. Furthermore, ROC analyses confirmed the value of serum miR-375 as a biomarker for osteosarcoma diagnosis and chemosensitivity prediction. To the best of our knowledge, this is the first study to evaluate serum miR-375 expression and its clinical significance in patients with osteosarcoma.
Previous research has revealed the tumor-suppressive function of miR-375 in many malignancies, including osteosarcoma. miR-375 was downregulated in osteosarcoma tumor samples and cell lines. 19, 20 Overexpression of miR-375 markedly suppressed osteosarcoma cell proliferation in vitro, and inhibition of miR-375 promoted osteosarcoma growth. 19 Mechanistic studies showed that PIK3CA was a potential target of miR-375 and that miR-375 might suppress osteosarcoma growth through mediation of the PI3K/Akt pathway. 19 As a potential cancer biomarker, aberrant circulating miR-375 expression has been reported in several human cancers. Plasma miR-375 was significantly downregulated in patients with prostate cancer compared with benign prostatic hyperplasia samples and showed superior diagnostic accuracy compared with the traditional biomarker prostate-specific antigen.
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Downregulation of plasma miR-375 expression in NSCLC was associated with cancer metastasis. 24 Plasma miR-375 was a useful biomarker for the diagnosis of gastric cancer and CRC. 17, 26 A low serum miR-375 level predicted poor survival of patients with ESCC. 22 Taken together, these findings may help to understand the diagnostic and prognostic value of serum miR-375 in patients with osteosarcoma. The expression and clinical significance of circulating miR-375 in other cancers is worthy of an in-depth study.
Chemoresistance remains a substantial problem in osteosarcoma treatment. Therefore, predictive markers in multimodality therapy of osteosarcoma are required. Some studies have indicated that miR-375 is involved in chemosensitivity regulation in several cancers. miR-375 overexpression could increase the cisplatin sensitivity of human gastric cancer cells by regulating ERBB2. 27 Lipid-coated cisplatin nanoparticles co-loaded with miR-375 enhanced the antitumor effect of cisplatin in chemotherapy-resistant hepatocellular carcinoma cells. 28 Upregulation of miR-375 in medullary thyroid carcinomas was associated with increased sensitivity to vandetanib. 29 In the present study, we observed a close relationship between the serum miR-375 level and osteosarcoma response to preoperative chemotherapy. ROC curve analysis confirmed serum miR-375 as a potential biomarker with which to differentiate a good from poor pathologic response. Therefore, circulating miR-375 might act as a candidate biomarker for chemosensitivity prediction of human malignancies.
We are aware of some limitations in our work. First, it was a single-center retrospective study. Second, the molecular mechanisms by which miR-375 regulates osteosarcoma chemosensitivity require further clarification. Third, we only detected serum miR-375 levels in this study. Several other miRs, such as miR-21 and miR-17, are also expressed abnormally in the serum of patients with osteosarcoma. 30, 31 Genome-wide microarray analysis might be an ideal way to identify circulating miRs with diagnostic ability, and a blood-based biomarker panel including more miRs and other molecular markers would help to improve the sensitivity and specificity.
In summary, our study revealed a decreased serum miR-375 level in patients with osteosarcoma and its potential value as a noninvasive biomarker for osteosarcoma diagnosis, prognosis, and chemosensitivity prediction. Further prospective studies with higher numbers of patients are required to validate these results.
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